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PURPOSE: To characterize with magnetization transfer imaging the pathologic substrate of the
nonspecific periventricular hyperintense white matter changes seen on T2-weighted images of
elderly patients. METHODS: Twenty-one elderly patients with periventricular hyperintense white
matter on T2-weighted MR images and eleven control subjects were studied using MT technique.
Magnetization transfer ratios (MTRs) were calculated for the periventricular hyperintense white
matter and normal-appearing white matter. These MTRs were correlated with histopathologic
changes that have previously been reported as well as with established MTRs for other lesions.
RESULTS: The MTRs (mean, 35.2; SD, 1.2) in the periventricular hyperintense white matter are
lower than those in the normal white matter of the patient (mean, 40.8; SD, 1.4) and control (mean,
41.3; SD, 1.8) groups. These MTRs are much higher than those of demyelinating lesions but are
similar to those of experimental lesions with just edema. CONCLUSION: Because MTR may reflect
to some extent histopathologic changes and thus provide more specificity than conventional pulse
sequences, the main pathologic substrate accounting for the lower MTR in periventricular hyper-
intense white matter is probably the increased water content in reactive astrocytes.
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Periventricular white matter hyperintensity
identified on T2-weighted magnetic resonance
(MR) imaging is a common finding in routine
clinical imaging of older patients. The reported
frequency is about 30% in patients more than 60
years old (1). A number of investigators have
postulated various explanations for this obser-
vation including atrophic perivascular demyeli-
nation (2), ischemia (3), and infarction and gli-
osis (4). The routine spin-echo pulse sequences
used in MR imaging are highly sensitive in de-
tecting these periventricular abnormalities, but
their specificity is low. On the basis of conven-
tional MR contrast, it is very difficult to differen-
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tiate the various possible causes of periven-
tricular hyperintense white matter, whether
from destructive parenchymal lesions or just
increased water content. Because definitive his-
topathologic correlation for periventricular hy-
perintense white matter is difficult to obtain
(these findings are usually incidental), and be-
cause there is disagreement among the investi-
gators who have pathologic correlations, our
study was an attempt to evaluate this periven-
tricular hyperintense white matter from another
approach by using the magnetization transfer
technique.
Magnetization transfer has recently been

shown to be a useful technique that can provide
a quantitative index, magnetization transfer ra-
tio, that may reflect the underlying composition
of tissue and thus potentially provide increased
specificity over conventional spin-echo imaging
(5–8). Recent reports have suggested that
magnetization transfer may enable differentia-
tion between edema and demyelination in mul-
tiple sclerosis patients (7), demonstrate occult
white matter abnormalities that cannot be de-
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tected with spin-echo MR imaging (5), and pro-
vide a sensitive measure of early changes in
wallerian degeneration (9). We hypothesize that
magnetization transfer techniques may have a
useful role in characterizing the pathologic sub-
strate of the nonspecific periventricular white
matter hyperintensity encountered in the eld-
erly. In this study we measured the magnetiza-
tion transfer ratios in these lesions and corre-
lated them with both previously published
measurements and with the various published
pathologic substrates of these lesions.

Subjects and Methods
All MR studies were performed with 1.5-T units and with

a quadrature transmitter/receiver head coil. Magnetization
transfer imaging was performed with a three-dimensional
gradient-echo pulse sequence 106/5 (repetition time/
echo time) with a flip angle of 128. These parameters were
chosen to minimize T1 and T2 weighting, thereby giving a
proton-density contrast in the absence of magnetization
transfer saturation pulses (10). The matrix used was 256 3
128 for a total of 28 sections at 5 mm each. The field of
view used was 22 cm. Partial saturation of the free water
spins was achieved through incorporation of a 19-millisec-
ond radio frequency pulse into each repetition time period.
Two consecutive sets of axial images were obtained; the
first set with saturation pulse off and the second set with
radio frequency saturation on. The radio frequency pulse
was in the shape of the sinc function, with an average field
intensity equal to 3.67 3 1026 T, and was applied at a
frequency 2 kHz below water resonance (10). The approx-
imate acquisition time for each set of images was 7.3
minutes. The magnetization transfer parameters used in
our study are identical to those used by previous studies of
multiple sclerosis and experimental allergic encephalomy-
elitis (7) and intracranial hemorrhage (11).

The amount of magnetization transfer was quantitated
by calculation of the magnetic transfer ratio, defined as
(Mo 2 Ms)/Mo 3 100 (7). Mo and Ms represent the signal
intensity of an area with the saturation off and on, respec-
tively. This ratio indicates the percentage loss of signal
intensity because of magnetization transfer. Mo and Ms

values are calculated as the average of pixel intensities
contained within 0.04 cm2 regions of interest.

The study group consisted of 21 elderly patients (13
men and 8 women) 55 to 84 years of age (mean, 71) who
were referred for MR imaging for various reasons ranging
from transient ischemic attacks to work-up of dementia.
After the routine spin-echo T1-weighted and fast spin-
echo T2-weighted images, magnetization transfer imaging
was performed if the patient had periventricular white mat-
ter high signal abnormalities on the T2-weighted images.
The patient was excluded if there was history of intracra-
nial radiation, multiple sclerosis, or other known demyeli-
nating diseases.
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The patient group was subdivided into three grades of
severity of periventricular hyperintensity: mild (n 5 10),
moderate (n 5 6), or severe (n 5 5). Mild was defined as
patchy foci of high signal along the atria of the lateral
ventricles (Fig 1), moderate as a thin halo of high signal
around the ventricles with confluent areas near the atria
(Fig 2), and severe as a thicker halo of hyperintensity
along the ventricles with diffuse confluent high-signal ab-
normalities extending from the ventricular lining almost to
the corticomedullary junction (Fig 3). Twelve patients in
this study group had at least one of the following cerebro-
vascular risk factors: hypertension, diabetes mellitus,
smoking, and hyperlipidemia.

Fig 1. Mild periventricular hyperintense white matter. Fast
spin-echo T2-weighted image shows patchy foci of high signal
near the atria.

Fig 2. Moderate periventricular hyperintense white matter.
Fast spin-echo T2-weighted image shows a thin halo of high
signal around the ventricles with confluent areas near the atria.
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For each patient, magnetization transfer ratios were
calculated for 40 nonoverlapping 0.04-cm2 regions of in-
terest located in periventricular areas that had high-signal
abnormalities on T2-weighted images. Twenty magnetiza-
tion transfer ratio values were also computed in normal-
appearing deep white matter in each patient to serve as
internal controls. In addition, imaging was performed in a
control group of 11 patients 28 to 77 years of age. Six of
these subjects were healthy asymptomatic volunteers; the
other 5 subjects were clinical patients with normal MR
examinations. Forty magnetization transfer ratio values
were calculated in the normal-appearing periventricular
and other deep white matter for each control patient.

Statistical Analysis

The paired two-tail Student’s t test was used to compare
the magnetization transfer ratio values between the
periventricular hyperintense white matter and the normal-
appearing deep white matter within the same patients. The
unpaired two-tail Student’s t test was used to compare the
magnetization transfer ratio values of the following data:
(a) between the normal-appearing deep white matter of
the study group and the control group; and (b) between the
periventricular hyperintense white matter and the normal
white matter of the control group. Both the unpaired two-
tail Student’s t test and the nonparametric Wilcoxon’s
signed-rank test were used to compare the magnetization
transfer ratios between the patients with and those without
cerebrovascular risk factors. The nonparametric Kruskal-
Wallis test was used to analyze the three subgroups of
patients with varying degree of periventricular hyperinten-
sity. A P value of less than .05 was used to assign any
significant difference.

Fig 3. Severe periventricular hyperintense white matter. Fast
spin-echo T2-weighted image shows a thicker halo of high signal
along the ventricles with diffuse confluent hyperintensity extend-
ing toward the corticomedullary junction.
Results

The mean magnetization transfer ratio values
for normal-appearing white matter in the elderly
group of patients with periventricular hyperin-
tensity and the control group are 40.83% (SD,
1.39; range, 38.9% to 42.8%), and 41.3% (SD,
1.80; range, 39.9% to 43.1%), respectively.
These values do not show any statistical differ-
ence and are consistent with those values found
in previous studies (7, 11).
The mean magnetization transfer ratio for

the periventricular hyperintense white matter,
among all the patients, is 35.2% (SD, 1.2) with
a range from 33.2% to 37.1%; this is statistic-
ally lower (P 5 .001) than the magnetization
transfer ratio of normal-appearing deep white
matter (Table 1). This average magnetization
transfer ratio value is approximately 14% less
than the magnetization transfer ratio of normal-
appearing white matter, but is much higher than
values seen in multiple sclerosis lesions (aver-
age, 26.3%) (7).
There is no statistical difference of the mag-

netization transfer ratio values for the periven-
tricular high signal white matter between the
patients with cerebrovascular risk factors and
the patients without them (P 5 .33 by Student’s
t test, P 5 .59 by Wilcoxon’s rank test) (Table
2). In addition, no statistical correlation was
found between the severity of the periventricular
hyperintensity and the actual numerical mag-
netization transfer ratio values (P 5 .373)
(Table 3).

TABLE 1: Mean magnetization transfer ratio values

Periventricular
Hyperintense
White Matter

Normal
White Matter

Study Group 35.2% 40.8%
(n 5 21) (SD, 1.2) (SD, 1.4)

Control Group 41.3%
(n 5 11) (SD, 1.8)

TABLE 2: Mean magnetization transfer ratios of patients with and
without cerebrovascular risk factors

Periventricular
White Matter

Normal
White Matter

With risk factors 35.0% 40.4%
(n 5 12) (SD, 1.3) (SD, 1.5)

Without risk factors 35.5% 41.4%
(n 5 9) (SD, 1.1) (SD, 1.1)



Discussion

Magnetization transfer imaging was initially
demonstrated by Wolff and Balaban in 1989
(6). This technique potentially expands the
measured parameters in an MR study beyond
proton density, T1, and T2 by exploitation of the
interactions between endogenous macromolec-
ular components and components in the aque-
ous phase (6, 8, 12–15). Specifically, the ex-
change of protons between water and macro-
molecules provides a potential additional relax-
ation mechanism, leading to the characteriza-
tion of the sample in terms of exchange con-
stants and intrinsic relaxation times for the
observed water protons as well as for protons
bound to macromolecules. The magnetization
transfer effect is induced by applying radio fre-
quency irradiation such that protons bound to
macromolecules will preferentially experience
saturation, that is, their magnetization will be
held at or near zero magnitude. A means of
producing this effect is through the application
of a series of off-resonance radio frequency
pulses, as has been previously demonstrated
(10). The magnetization transfer effect can also
be demonstrated by continuous-wave off-reso-
nance irradiation (6) or with a net zero-degree
radio frequency pulse technique (16, 17). The
exchange of partially saturated spins into the
water proton “pool” decreases the observed
magnetization of water protons, leading to hy-
pointensity on the magnetization transfer image
when compared with the equivalent image ob-
tained without radio frequency saturation
pulses. The reduction of intensity may be ex-
pressed in terms of a magnetization transfer
ratio, giving a quantitative measurement. These
magnetization transfer ratio values are repro-
ducible but are also dependent upon the spe-
cific scanning parameters (18). In cerebral
white matter, the cholesterol-containing lipid bi-
layer of myelin is postulated to be the major

TABLE 3: Mean magnetization transfer ratios of patients with vari-
ous degrees of periventricular hyperintensity

Periventricular
White Matter

Normal
White Matter

Mild 35.6% 41.4%
(n 5 10) (SD, 1.1) (SD, 1.0)

Moderate 35.0% 40.1%
(n 5 6) (SD, 1.0) (SD, 1.7)

Severe 34.5% 40.7%
(n 5 5) (SD, 1.5) (SD, 1.6)

256 WONG
macromolecule responsible for magnetization
transfer (19).
Contrast in magnetization transfer imaging is

difficult to interpret in that it may represent dif-
ferences in exchange rates as well as relaxation
times and proton densities. The magnetization
transfer technique has been applied to several
processes in the brain (5, 7, 9, 11) as well as to
various parts in the body (16, 20, 21). Because
magnetization transfer techniques can provide a
numerical value, magnetization transfer ratio,
that to some degree may reflect the underlying
structural composition, we applied this tech-
nique to study the nonspecific periventricular
hyperintense white matter.
Nonspecific punctate and confluent periven-

tricular white matter high signal abnormalities
have been reported to be present in 30% of
patients older than age 60 years (1). A number
of different studies have tried to determine the
pathologic substrate accounting for this finding.
Marshall et al studied postmortem specimens
with periventricular high signal on MR. These
investigators, on gross and microscopic patho-
logic examinations, found areas of infarction
with necrosis, demyelination, and loss of axons.
These infarcted areas were surrounded by reac-
tive astrocytes and isomorphic gliosis, up to
several centimeters away (4). Braffman et al
correlated seven brain specimens with the MR
and found areas of infarctions, gliosis, plaques
of demyelination, and few other miscellaneous
lesions to account for the hyperintense white
matter foci (22). Fazekas et al suggested these
periventricular hyperintensities are nonis-
chemic in origin and on pathology represented
areas of demyelination with associated sub-
ependymal gliosis (17). Meguro et al found pa-
tients with severe periventricular hyperintensity
had reduced blood flow or ischemia (3).
We studied the magnetization transfer ratio in

a cohort of patients with nonspecific high signal
abnormalities on T2-weighted images in an at-
tempt to correlate it with changes that have
previously been reported. The goal of this work
was to increase the specificity by the use of
magnetization transfer ratio as well as by corre-
lation of the magnetization transfer ratio with
the various postulated pathologic substrates of
periventricular hyperintense white matter.
White matter is a well-differentiated and orga-
nized tissue composed mainly of myelin, neu-
ron, and endothelial cells (23). Our average
magnetization transfer ratio values of normal-
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appearing white matter for the study and the
control groups are 40.83% to 41.3%, respec-
tively. These values are similar to those re-
ported in other studies performed with the same
scanning parameters, thus confirming their re-
producibility (5, 7, 11). Dousset et al has shown
that the magnetization transfer ratio values of
normal white matter in guinea pigs are similar to
those of humans (7). In addition, Lexa et al
demonstrated similar magnetization transfer ra-
tio values in feline white matter (9).
The mean magnetization transfer ratio for the

periventricular hyperintense white matter is
35.2% (SD, 1.2%), representing a 14.4% de-
crease from the magnetization transfer ratio of
normal deep white matter. The low standard
deviation indicates that the underlying abnor-
mality is similar in these patients. These values
can be contrasted with the much lower average
magnetization transfer ratio in multiple sclerosis
lesions of 26.3% (approximately 38% decrease
from baseline normal white matter) with a larger
standard deviation of 6.0%, which presumably
indicate different severity and age of demyeli-
nation, remyelination, and edema in these var-
ious lesions (7). In addition, these authors mea-
sured the magnetization transfer ratios in an
animal model of experimental allergic enceph-
alomyelitis and showed a mean value of about
37% (approximately 12% lower from baseline
normal white matter). Histologically, these
acute experimental allergic encephalomyelitis
lesions have edema and inflammatory compo-
nents, but no demyelination (7). Because the
magnetization transfer imaging parameters
used in this study are identical to those used by
Dousset’s study of multiple sclerosis and exper-
imental allergic encephalomyelitis lesions, a di-
rect comparison of the magnetization transfer
ratio values is thus possible. Using Dousset’s
reported magnetization transfer ratio values as
a guideline for these different lesions, we predict
that white matter abnormalities with a magne-
tization transfer ratio around 35% would histo-
logically resemble experimental allergic en-
cephalomyelitis lesions more so than multiple
sclerosis lesions, and thus probably have in-
creased water content and only minimal demy-
elination. We therefore postulate that astrocyto-
sis, which has increased water content, may be
the major pathologic substrate in the periven-
tricular hyperintense white matter.
Gliosis is one of the brain’s limited responses

to injury. This process involves proliferation of
fibrillary astrocytes with the formation of many
glial fibers such as vimentin and specific glial
fibrillary acidic protein (24). Detection of in-
creased glial fibrillary acidic protein by immu-
noperoxidase stain (25) indicates that astro-
cytes are reactive (26). Marshall et al have
found swollen glial fibrillary acidic protein-
positive astrocytes up to several centimeters
away from a smaller central area of infarction
(4). These reactive astrocytes are associated
with an increased water content, thus appearing
hyperintense on T2-weighted images. The in-
creased water content will decrease the amount
of magnetization transfer by diluting the number
of structural protons per unit volume of tissue,
thus lowering the magnetization transfer ratio.
Ischemia without infarction has also been

postulated as another explanation for periven-
tricular hyperintensity (3, 4, 27). The deep
white matter is particularly susceptible to isch-
emia because its blood is supplied by long pen-
etrating end-arterial vessels (28–30). Brun and
Englund termed these white matter lesions in-
complete infarcts. These lesions did not have
cavitation or necrosis and were characterized by
demyelination, loss of axons and oligodendro-
cytes, and reactive gliosis (27).
Some investigators have shown that cerebro-

vascular risk factors are related to the severity
of periventricular hyperintensity and other white
matter lesions (3, 31, 32). We found no statis-
tical difference in the magnetization transfer ra-
tio values between the patients with risk factors
and those patients without them. Similarly,
there is no statistical correlation in the magne-
tization transfer ratio values among the three
subgroups of patients with different degrees of
periventricular hyperintensity. These data sug-
gest that the underlying pathophysiology is sim-
ilar in these patients, independent of cere-
brovascular risk factors and severity of the
abnormalities.
In summary, magnetization transfer ratios for

white matter are highly reproducible values.
The magnetization transfer ratio in periventricu-
lar hyperintense white matter of the elderly is
lower than that in normal white matter, not as
low as that in demyelinating lesions but similar
to that in experimentally induced lesions with
edema but without demyelination. We specu-
late that the main pathologic substrate account-
ing for the lower magnetization transfer ratio is
the increased water content in reactive astro-
cytes, which could be secondary to isomorphic



gliosis or ischemia. Demyelination itself proba-
bly contributes a smaller role to the decrease in
magnetization transfer ratio. We believe that
magnetization transfer ratio can reflect the un-
derlying histopathology to a degree and thus
provide possible additional specificity to con-
ventional pulse sequences alone.
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